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Summary
Objectives: Use Rasch analysis to examine the psychometric properties of the Oxford Knee Score (OKS), particularly in respect to unidimen-
sionality, and consistency of item functioning before and after total knee replacement and across age and gender groups.
Methods: The 12-item OKS was administered to 1,712 patients before the surgery, and 1,322 and 855 patients were administered the instru-
ment repeatedly at the 6-month and 2-year postoperative assessments, respectively. Data were ﬁtted to the Rasch partial credit model with the
Winsteps program. Differential item functioning (DIF) analysis was performed, and ﬁt statistics in combination with principal components anal-
ysis of the residuals were used to test the unidimensionality assumption. The ﬁt criteria were set at 1.5 and 2.0 for inﬁt mean-square (MNSQ)
and outﬁt MNSQ, respectively.
Results: At baseline, item difﬁculty ranged from 1.86 to 1.78 logits, and person measures had a meanSD of 0.01 0.89. Misﬁt items
were ‘‘limping’’ and ‘‘night pain’’ in preoperative data and ‘‘limping’’ and ‘‘kneeling’’ in postoperative data. After removing items limping and
kneeling and recoding item night pain, none of the items misﬁt at each of the time points and there was stability of item difﬁculty ordering
across time. In the modiﬁed OKS set, ﬁve items displayed DIF by age and three by gender.
Conclusion: The original OKS had adequate targeting and good coverage of knee severity levels in preoperative patients. The modiﬁed
10-item OKS data ﬁt the Rasch model and had stable item difﬁculty ordering over time.
ª 2009 Osteoarthritis Research Society International. Published by Elsevier Ltd. All rights reserved.
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Winsteps.Introduction
Total knee replacement (TKR) has been shown to be safe,
effective and cost-effective for patients with severe degen-
erative joint disease affecting the knee joint1e3. Patients ex-
perience signiﬁcant improvements in health-related quality
of life after such surgery, particularly in the domains of
bodily pain and physical function4e10. Among patient-as-
sessed measures of knee problems, the Oxford Knee Score
(OKS) is one of several with satisfactory measurement
properties, and it has been recommended as the best dis-
ease-speciﬁc instrument for knee replacement that can be
used with a large database11,12. The OKS is a 12-item, pa-
tient-administered questionnaire assessing pain and physi-
cal disability. Each item is rated from one (least difﬁculty/
severity) to ﬁve (most difﬁculty/severity), and individual
item scores are summated to yield a single score ranging
from 12 to 60, with higher scores representing more severe
knee problems13. Versions of OKS have been developed
and validated in different languages, including
Chinese11,13e17.*Address correspondence and reprint requests to: Julian
Thumboo, Department of Rheumatology and Immunology,
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1163Given advances in health measurement, Rasch analysis
has been used in the development of new scales and in the
improvement of existing scales. This relatively new psycho-
metric technique in health science research has been in-
creasingly applied to evaluate the dimensionality and
psychometric properties of health outcome measures, in-
cluding arthritis-related outcome assessments18e27. Con-
sidered to be a complement to traditional validity and
reliability evaluation, Rasch analysis offers the opportunity
to examine whether the items have an adequate spread
along the single dimension being measured and to reﬁne
a scale so it has fewer and more relevant items without
compromising its measurement capability. In addition, the
ﬁt of data to the Rasch model can help examine whether
or not the measure acts as a unidimensional scale (i.e.,
the measure taps a single latent trait instead of a number
of distant constructs), which is a prerequisite for items that
generate a total score, as is the case with the OKS. Further-
more, a Rasch analysis-derived scale has psychometrically
proven interval scale properties that are required for the
measurement and use of inferential statistical methods.
Despite its wide application in TKR research, the OKS
had not been assessed by Rasch analysis until recently.
Based on the data collected from 224 patients with knee os-
teoarthritis, Conaghan et al. reported that the OKS showed
good ﬁt to the Rasch model after rescoring several items28.
However, post-intervention data were not included in that
1164 Y. Ko et al.: Rasch analysis of the Oxford Knee Scorestudy, so the stability of the measure’s psychometric prop-
erties before and after TKR were not assessed. Further-
more, the relatively small sample size of their study
limited the precision of the estimates of item difﬁculty and
thresholds. The primary objective of the present study
was to examine the ﬁt of OKS to the Rasch model with
greater precision and statistical power using the data pro-
spectively obtained from a large sample (>800 patients) be-
fore and after TKR. We also used Rasch analysis to
evaluate if the OKS has interval level scaling and consistent
hierarchical ordering of items that are retained before and
after TKR and across age and gender groups (i.e., absence
of differential item functioning, or DIF).MethodsDATA COLLECTIONData for this Institutional Review Board approved study were obtained as
part of routine care from patients attending the Department of Orthopaedic
Surgery at the Singapore General Hospital. All patients who underwent
TKR performed by one of three investigators (Lo NN, Yeo SJ, and Yang
KY) during the study period of 2001e2006 were included. Patients were in-
terviewed at baseline (i.e., several days before the surgery) and then at 6
months and 2 years after surgery. At all three interview sessions, demo-
graphic information was collected and patients completed the SF-36 and ei-
ther the Singapore English or Chinese version of the OKS15, depending on
the patient’s language of preference. Participants’ responses were included
in the analysis if at least one of the twelve OKS items was answered and no
invalid response was recorded.RASCH ANALYSISItem response theory (IRT) is a statistical theory consisting of mathemat-
ical models that predict how examinees at different ability levels of an under-
lying trait should respond to a test item29. Rasch analysis, a commonly used,
one-parameter IRT model, generates estimates of the locations of individual
items (i.e., item difﬁculty) and examinees (i.e., ability level) along a common
interval-level scale that uses a unit of measurement called the logit (log-odds
unit). In this study, the scale represents the severity of knee problems; items
with a smaller or negative estimated difﬁculty value are more difﬁcult to per-
form than those with a greater or positive value.
In Rasch analysis for items with polytomous, or multiple ordered, re-
sponses, each item is characterized by a series of threshold parameters
that deﬁnes the difﬁculty or probability of endorsement of response cate-
gories. The threshold is the trait/ability level at which an endorsement of
a category becomes more likely than an adjacent category30. For example,
for an item with response categories of ‘‘strongly disagree’’, ‘‘disagree’’,
‘‘agree’’ and ‘‘strongly agree,’’ if the threshold of ‘‘disagree’’ is x, persons
at a trait level below x are likely to choose ‘‘strongly disagree’’ while persons
at the trait level above x are likely to choose ‘‘disagree’’ or a higher level of
the category (i.e., agree, strongly agree). In this case, the difﬁculty estimate
of an item represents the average difﬁculty or probability of endorsement for
that particular item relative to its category thresholds31. With respect to the
OKS, the thresholds would be in a monotonically ascending order as in-
tended if patients with less severe knee problems endorsed low scoring re-
sponses (e.g., easily, not at all), while patients with more severe knee
problems endorsed high scoring responses (e.g., impossible, all of the
time). Another indicator of category functioning is average measure, which
is the average of the modeled knee scores of all patients who chose that par-
ticular response category. The average measure is expected to increase as
the category value increases; disordered average measures indicate disor-
der in the category descriptions.
In Rasch analysis, lack of unidimensionality is reﬂected in poor ﬁt statis-
tics. Two ﬁt statistics can be used to identify misﬁt items: inﬁt mean-square
(MNSQ) and outﬁt MNSQ, both ranging from zero to positive inﬁnity. The
ideal value for ﬁt statistics is 1, which suggests that observed variance
equals expected variance. An inﬁt or outﬁt MNSQ value of 1þ x indicates
(100 x)% more variation between the observed and the model-predicted
patterns than would be expected if the data and model perfectly ﬁtted32.
For example, an inﬁt MNSQ value of 1.3 indicates 30% more variation in
the observed data than the model predicted32. When a ﬁt statistic value is
less than 1.0, there is less variation in the observed data than was modeled
(i.e., overﬁtting)32. An item with a large positive ﬁt statistic generally indicates
that the item does not belong to the single construct being measured. While
inﬁt is affected by unexpected response patterns of examinees located near
the position of the item on the scale, outﬁt is more sensitive to unexpected
response patterns of examinees located far from the item. Unidimensionalityof the measure can be further conﬁrmed by a principal components analysis
(PCA) of the residuals (i.e., data variance that is not explained by the latent
variable modeled by Rasch analysis)33. The absence of a factor structure in
the residuals indicates that the original data are unidimensional. As the main
purpose of the OKS is to provide a single score that indicates the severity of
patients’ knee problem, misﬁtting items were either removed or recoded to
improve the model ﬁt, or unidimensionality, of the scale.
An ideal scale should function in the same way irrespective of when or
which group is assessed. DIF, which occurs when the difﬁculty levels of
items vary systematically based on sample characteristics such as gender,
could contribute to the lack of unidimensionality. Rasch analysis can identify
items that perform differently across subgroups of patients after controlling
for the underlying level of the trait assessed by the scale. In this study, the
stability of item functioning in the OKS was examined over time and across
age and gender groups. The invariance is essential for the use of the OKS in
longitudinal studies and for group comparison.
Data were analyzed by SPSS version 15.0 (SPSS, Inc.) for general statis-
tics. Rasch analysis was performed using WINSTEPS version 3.57 (Win-
steps). Data were ﬁtted to the Rasch partial credit model (PCM), which
allows that the spread of thresholds differs among the items34. Fit statistics
in combination with PCA were used to test the unidimensionality assumption.
The ﬁt criteria for this study were set at 1.5 and 2.0 for inﬁt MNSQ and outﬁt
MNSQ, respectively35,36. In addition, the presence of multidimensionality
was assessed using the independent t-test described by Smith to see if
the person measures derived from two subsets of items (i.e., items positively
and negatively correlated with the ﬁrst residual factor) signiﬁcantly differ37.
The Wilcoxon test was used to test if there was a signiﬁcant difference in
the rank of the items based on item difﬁculty estimates at three time points
(i.e., baseline, and 6 months and 2 years after TKR). DIF analysis was con-
ducted by WINSTEPS to examine if there were differences in item difﬁculty
estimates between genders and age groups (i.e., <65 vs 65 years old).
Given the multiple comparisons, an a level of 0.01 was used as a cut-off
point for statistical signiﬁcance.Results
Data for analysis were from 1,712, 1,322, and 855 pa-
tients at baseline, 6 months and 12 months, respectively,
yielding a retention rate of 77.2% at the ﬁrst and 49.9% at
the second follow-up data collection points.CHARACTERISTICS OF PATIENTSKey characteristics of the patients at baseline are pre-
sented in Table I. The mean age of the patients was
67.1 7.6 years (45e90). The majority of the sample was
female (79.5%), Chinese (88.5%), and lived in public hous-
ing (77.5%). Approximately one-third of the patients under-
went unilateral knee replacement, with the other knee
symptomatic.UNIDIMENSIONALITYThe Rasch analysis showed good reliability indices in the
baseline data; item reliability (replicability of item place-
ments along the scale) was 1.00 and person reliability (anal-
ogous to Cronbach’s alpha) was 0.81. Individual item
difﬁculty level ranged from 1.86 logits to 1.78 logits, with
a mean standard deviation (SD) of 0 1.02 whereas per-
son measures had a meanSD of 0.01 0.89, indicating
that the items adequately targeted the knee problem levels
of this group of patients. As suggested by item difﬁculty es-
timates, the easiest task for the patients was washing and
drying themselves, whereas kneeling was most difﬁcult.
Item limping had a high outﬁt MNSQ of 2.36 while item night
pain had both high inﬁt and outﬁt MNSQ (1.55 and 2.16, re-
spectively). All other items ﬁt the model. Approximately one-
ﬁfth of the patients (19.9%) had misﬁt statistics. There were
no differences in the demographics between the patients
with ﬁt statistics and the misﬁt group. Most unexpected re-
sponses were seen in items limping and night pain, with ex-
pected response categories higher than the observed ones.
Table I
Characteristics of patients at baseline
Variable n (%)* (n¼ 1,712)
Gender
Female 1361 (79.5)
Male 350 (20.4)
Ethnicity
Chinese 1519 (88.7)
Malay 115 (6.7)
Tamil 58 (3.4)
Other 19 (1.1)
Housing type
Public 1326 (77.5)
Private 373 (21.8)
Others 13 (0.8)
Patient category
Unilateral, other knee symptomatic 611 (35.7)
Unilateral, other knee successfully replaced 320 (18.7)
Unilateral, other knee not symptomatic 161 (9.4)
Bilateral 108 (6.3)
*Percentages may not total 100 because of rounding and missing
data.
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variance was unexplained by the Rasch model, and the ﬁrst
residual component had an eigenvalue of 1.9, accounting
for 1.9% of the total variance in the data. Most physical
function items were found to positively load on the ﬁrst re-
sidual component while the remaining items had a negative
loading. The person measures derived from these two item
sets were compared for each patient using the independent
t-test and 19.7% of these tests were found to be outside the
range of 1.96, which suggests that the unidimensionality
of the scale is questionable.
The ratings of each item were reviewed to determine
whether the response categories functioned as intended
in baseline data. All categories had at least 15 observa-
tions. None of the items had disordered thresholds, and
the average measures for the categories in all items pro-
gressed in a logical order except the reversed averageTable I
Effects of item removal and
Strategies to improve model ﬁt Baseline item
reliability
Baseline pe
reliability
Item limping recoded* 1.00 0.82
Items limping and night pain recoded 1.00 0.83
Item limping removed; items kneelingy
and night painy recoded
1.00 0.83
Item limping removed; items kneelingz
and night painy recoded
1.00 0.83
Items limping and kneeling removed;
item night painy recoded
1.00 0.83
*Rating scores 4 and 5 combined.
yRating scores 2 and 3 combined; 4 and 5 combined.
zRating scores 1 and 2 and 3 combined.measures of ‘‘most of the time’’ and ‘‘all of the time’’ in
item limping (logits¼ 0.24 and 0.18, respectively), suggest-
ing that patients may not have been able to reliably distin-
guish these extreme response categories.
A few iterations were done to examine the effect of item
recoding and/or removal on model ﬁt (Table II). With items
limping and kneeling removed and item night pain recoded
(collapsed into three categories), none of the remaining ten
items misﬁt with person reliability being 0.83 and item difﬁ-
culty ranging from 2.27 to 1.70 logits (Table III). As sug-
gested by item difﬁculty estimates, the easiest task for the
patients was washing and drying themselves, whereas
item knee pain at usual was most likely to be endorsed.
The proportion of misﬁt patients decreased to 15.8%, and
most unexpected responses were located at the recoded
item night pain.
A map of the distribution of the original OKS items sug-
gests that, in general, the OKS items were hierarchical
and well-spaced along the scale, with few patients located
on the top and bottom of the scale. The location of the mod-
iﬁed ten OKS items along the scale is shown in Fig. 1, with
the distribution of patients shown on the left side of the
scale. Despite the presence of gaps observed on the aver-
age difﬁculty estimates of the items shown in Fig. 1, partic-
ularly at the lower end of the scale, the distribution of item
categories had a good spread and coverage along the scale
(graph not shown).ITEM STABILITY OVER TIMEThe Rasch analysis of the modiﬁed ten OKS items
showed a person reliability of 0.58 and 0.48 for the 6-month
and 2-year postoperative data, respectively, whereas the
item reliability was 0.99 and 0.98, respectively. Compared
to baseline data, the range of item difﬁculty became nar-
rower postoperatively. The item difﬁculty estimates and ﬁt
statistics for the two postoperative datasets are shown in
Table III. Item difﬁculty ranged from 0.97 to 0.88 logits
for the 6-month postoperative data and 1.15 to 0.95 logits
for the 2-year data, averaging approximately 2 logits in both
postoperative assessments. None of the ten items misﬁt
postoperatively.I
recoding on model fit
rson Misﬁt items
Baseline: night pain (inﬁt MNSQ: 1.58; outﬁt MNSQ: 2.22)
6 month: kneeling (outﬁt MNSQ: 2.18)
2 year: kneeling (outﬁt MNSQ: 3.14)
Baseline: limping (outﬁt MNSQ: 2.06)
6 month: kneeling (outﬁt MNSQ: 2.21)
2 year: kneeling (outﬁt MNSQ: 3.06)
Baseline: None
6 month: kneeling (outﬁt MNSQ: 2.40)
2 year: kneeling (outﬁt MNSQ: 4.73)
Baseline: None
6 month: kneeling (outﬁt MNSQ: 2.15)
2 year: kneeling (outﬁt MNSQ: 2.98)
None
Table III
Item statistics of the modified 10 OKS items
Item description Item difﬁculty logit (S.E.) Inﬁt MNSQ Outﬁt MNSQ Rank based on item difﬁculty
Baseline
Trouble with washing and drying 1.70 (0.03) 1.06 1.05 1
Sense of knee instability 0.92 (0.03) 1.12 1.16 2
Pain on standing up from sitting 0.43 (0.03) 1.17 1.19 3
Trouble with transport 0.34 (0.03) 0.97 0.96 4
Pain in bed at night 0.24 (0.04) 1.24 1.42 5
Walking time before severe pain 0.16 (0.03) 0.96 0.95 6
Work interference due to pain 0.25 (0.03) 0.84 0.82 7
Doing household shopping alone 0.60 (0.02) 0.88 0.84 8
Trouble with walking down stairs 0.68 (0.03) 0.79 0.79 9
Usual level of knee pain 2.27 (0.04) 1.06 1.07 10
6 months after surgery
Trouble with washing and drying 0.44 (0.05) 0.99 0.88 4
Sense of knee instability 0.50 (0.06) 1.04 1.22 2
Pain on standing up from sitting 0.88 (0.06) 1.04 1.07 1
Trouble with transport 0.05 (0.05) 0.90 0.89 5
Pain in bed at night 0.45 (0.07) 1.04 0.87 3
Walking time before severe pain 0.21 (0.04) 1.11 1.05 7
Work interference due to pain 0.30 (0.04) 0.82 0.70 8
Doing household shopping alone 0.97 (0.03) 1.02 0.97 10
Trouble with walking down stairs 0.71 (0.04) 0.86 0.88 9
Usual level of knee pain 0.13 (0.04) 1.29 1.23 6
2 years after surgery
Trouble with washing and drying 0.44 (0.08) 0.98 0.99 3
Sense of knee instability 0.38 (0.09) 1.08 1.12 4
Pain on standing up from sitting 0.95 (0.10) 0.99 0.86 1
Trouble with transport 0.25 (0.06) 0.96 0.93 6
Pain in bed at night 0.73 (0.13) 1.08 0.99 2
Walking time before severe pain 0.36 (0.06) 0.92 1.02 5
Work interference due to pain 0.33 (0.06) 0.83 0.62 8
Doing household shopping alone 1.15 (0.05) 0.96 0.78 10
Trouble with walking down stairs 0.84 (0.06) 0.89 0.88 9
Usual level of knee pain 0.30 (0.06) 1.41 1.38 7
S.E.¼ standard error.
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ments indicating the inability of the OKS to detect mild knee
problems; 16.0% and 36.5% of the 6-month and 2-year
postoperative patients, respectively, had the lowest total
raw score of ten. In addition, a map of item location sug-
gested that there was a lack of matching items on the scale
for patients with less severe knee problems; in other words,
most OKS items were too ‘‘difﬁcult’’ (i.e., tasks were too
easy to perform or pain items were unlikely for patients to
endorse) for postoperative patients.
As shown in Table III, the ranks of all ten items changed
across three data collection periods, except for item trouble
with walking down stairs being consistently ranked ninth.
The item with the most dramatic changes in ranking across
the three datasets was walking time before severe pain.
However, the results of the Wilcoxon test indicate that the
differences in ranks were not signiﬁcant for all pair-wise
comparisons of the three time points.DIF ASSESSMENTThe modiﬁed ten items at baseline were used to assess
DIF by gender and age groups. Comparing the two age
groups (<65 and 65), ﬁve items had a signiﬁcant DIF.
Items walking and household shopping were easier for
younger patients to perform than for older patients. In addi-
tion, at the same levels of knee problems, younger patients
rated their pain level higher on items usual knee pain, pain
on standing up from sitting, and pain in bed at night thanolder patients. The differences in item difﬁculty estimates
ranged from 0.21 logits in item doing household shopping
alone to 0.33 logits in item pain on standing up from sitting.
In terms of the gender differences, the item household
shopping was easier for male patients to perform than for
female patients. In addition, compared to female patients
at the same level of knee problems, male patients were
more likely to report difﬁculty with work and walking due
to pain. The differences in item difﬁculty estimates ranged
from 0.18 logits in item working interference due to pain to
0.25 logits in doing household shopping.
In order to determine whether the DIF may have resulted
from the large sample size, a random sample of 300 patients
was used to assessDIF by age and gender groups. The anal-
ysis result revealed that none of the ten items had DIF.
Discussion
Rasch analysis has been widely used in evaluation of pa-
tient-reported outcome measures. The present study used
Rasch analysis to further assess the psychometric proper-
ties of the OKS. The overall ﬁt statistics, reliabilities, and
spread of item difﬁculties are satisfactory. However, three
items (limping, kneeling and night pain) did not have ade-
quate ﬁt statistics, suggesting that these items may be mea-
suring a different domain of health. Similar results were
reported by our group previously, when Xie et al. showed
that in the Chinese OKS, limping alone loaded on one factor
while kneeling and night pain loaded on another factor, with
Fig. 1. Logit map of items and patients. Each ‘#’ represents 15 patients. M¼mean; S¼ 1 SD; T¼ 2 SD.
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maining items loaded15. It was also reported that in the En-
glish OKS, limping and kneeling loaded on a factor other
than the two representing pain and physical disability.
High ﬁt statistics may also indicate that the item is not inter-
preted the same by all patients. A concern about the appro-
priateness of the item of kneeling has been raised by other
researchers, who pointed out that patients may have had
chosen ‘‘impossible to kneel’’ because they were advised
not to, they never tried, or because of other joints38.
Oneway to improve ﬁt statistics is to collapse adjacent cat-
egories, especially thosewith reversed averagemeasures or
disordered thresholds. The ﬁndings of this study suggest that
collapsing extreme categories ‘‘most of the time’’ and ‘‘all of
the time’’ helped item limping ﬁt to the model. However, afterrecoding, item kneeling remained misﬁt in postoperative
data. Another approach to obtaining a unidimensional mea-
sure is to remove misﬁt items. In this study, only by removing
items limping and kneeling did theOKSdata ﬁt themodel pre-
operatively and postoperatively. The trade-off was lower per-
son reliability and narrower item difﬁculty range because the
two removed items were among the ones with the lowest log-
its. As a result, the remaining items would be essentially all
too ‘‘difﬁcult’’ for the patients who underwent TKR. The lack
of matching items at the lower end of the scale limits the dis-
crimination of patients with mild knee problems. As such, the
results indicated that OKS could be reﬁned by enriching the
lower extreme of the scalewith additional items such as tasks
that require better knee function. Because the present OKS
does not take much time to complete, the addition of items
1168 Y. Ko et al.: Rasch analysis of the Oxford Knee Scorecould improve discrimination and cover awider range of knee
severity without considerably increasing response burden.
Future work needs to be done to examine this further.
A requirement for the OKS to be used for group com-
parisons is demonstrating invariance of the scale struc-
ture by patient groups, which was examined by DIF
analyses in this study. DIF is sometimes considered
a bias that indicates that responses to an item are sys-
tematically affected by factors other than the construct be-
ing measured. The Rasch analysis revealed that the
difﬁculty of at least half of the OKS items differed with
age or gender. It is not entirely clear why the items would
function differently. One explanation for DIF by age would
be that older patients may have been inﬂuenced by phys-
ical limitations due to age or co-morbidity so that it was
more difﬁcult for them to perform a few OKS tasks such
as walking and household shopping compared to their
younger counterparts. Also, older patients were more
likely to have chronic illness and thus may have devel-
oped coping strategies and adjustments for body pain
and had become used to the feeling of pain. As such,
on the same level of knee severity, older patients rated
their knee pain level lower than their younger counter-
parts. It is noteworthy that the large sample size in this
study may have made small seemingly irrelevant differ-
ences in item difﬁculty measures statistically signiﬁcant.
An analysis of a random sample of 300 patients revealed
that none of the items had DIF. As such, the large sample
may have spuriously resulted in DIF. Nevertheless, when
comparing the OKS scores among age or gender groups,
the observation of differences need to be interpreted with
caution. In addition, the amount of bias due to DIF on the
scale level needs to be further examined.
Similar to previous work by Conaghan et al.28, the re-
sults of the baseline data analysis in the present study
suggested that the scale seemed to target the patients
well, and an item difﬁculty range of approximately 4 logits
was observed. In addition, the item night pain had the
highest ﬁt statistics in both studies. However, more items
with DIF by age and gender were found in this study. This
could be explained by the greater statistical power derived
from the larger sample size. A strength of the present
work over the previous study is that, as a result of the
large sample size, high category frequencies (at least
15 observations for each category) helped to estimate
item difﬁculty and thresholds more precisely. Neverthe-
less, the results need to be continually veriﬁed in future
OKS applications.
There are several limitations to this study. First, the ver-
sion of OKS administered was based on patients’ language
of preference, and their choices were not recorded. As
such, the effect of different language versions on the anal-
ysis results and potential DIF by language version could
not be examined. In addition, because the study sample
consisted of various types of patients (unilateral/bilateral,
other knee symptomatic/non-symptomatic/replaced), re-
sponses to the OKS items may have been inﬂuenced by
the condition of patients’ other knee, despite the lack of
DIF between unilateral and bilateral patients found in a sup-
plementary analysis of our baseline sample. The effect of
patient mix on study ﬁndings needs to be examined in fu-
ture research.
Conclusion
The results of Rasch analysis suggest that the OKS had
adequate targeting and good coverage of knee severitylevels in preoperative patients. After removing items limping
and kneeling and recoding item night pain, the modiﬁed
10-item OKS data ﬁt the Rasch model and had stable
item difﬁculty ordering over time. Further development
work could be conducted to identify one or two items that
could be added to the OKS to extend the difﬁculty range
of the measure. In the interim, users of the OKS could con-
sider using the 10-item version with interval scaling proper-
ties when they intend to subject the data to inferential
statistics.
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